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LOCALLY REINFORCED HOLLOW STRUCTURAL ASSEMBLY 
BACKGROUND OF THE INVENTION 

[1] The application claims priority to U.S. Provisional Application No. 60/430,477 

which was filed on December 2, 2002. 
[2] This invention relates to reinforcement of a hollow structure, and more 

particularly, the invention relates to reinforcing a hollow structure with a material such 

as a structural foam. 

[3] Hollow structural members are used in a variety of vehicle applications. For 

example, portions of the vehicle body such as A- and B-pillars are formed from thin- 
walled hollow members. Also, suspension assemblies are incorporating increasingly 
thinner walls for tubular members such as axles. Utilizing thin walled structural 
members has the advantage of reducing the cost and weight of the assembly 
incorporating the structure. 

[4] In the case of axles, it is desirable to provide a wall thickness that maximizes 

bending and torsional stiffness while minimizing the weight. However, the thinner the 
wall thickness, the more susceptible the structure is to buckling under load. For 
example, auxiliary hardware such as spring brackets are typically clamped to the hollow 
axle structure. The wall may buckle under the clamping load or the leaf spring may walk 
during operation of the suspension assembly. To this end, prior art axle assemblies have 
added local stiffeners such as by welding on additional reinforcement plates to increase 
the stiffness. 

[5] For vehicle applications such as hollow body structures, such as A- and B-pillars, 

structural foams have been injected into the hollow cavity of the structure to provide 
localized reinforcement. The structural foam expands to fill the space and hardens to 
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stiffen the area. However, walls must be formed in the hollow structure to contain the 
foam to the desired area since the structural foam is very costly. This is accomplished by 
stamping or welding steel walls into the structure to contain the foam. This raises 
complications in forming the hollow structural member which can add significant cost 
when formulating a design to accommodate the walls for containing the structural foam. 
[6] Therefore, what is needed is a method and apparatus for providing local 

reinforcement of a hollow structural member while reducing the cost and design 
complexity of prior art solutions. 



SUMMARY OF THE INVENTION AND ADVANTAGES 

[7] The present invention provides a reinforced structural assembly including a 

hollow structure having a cavity with a hole. A bag is inserted into the cavity using a 
tube. The bag has an end with an opening extending out of the cavity through the hole. 
A device injects a structural foam such as a two-part epoxy into the bag. The bag is 
closed and the end of the bag is inserted into the cavity. A cap is installed over the hole. 
The foam expands to fill the cavity but is contained within the bag thereby providing 
localized reinforcement in the desired area. For axles, the cap may include a locating 
feature for positioning a component such as a leaf spring. 

[8] Accordingly, the present invention provides a method and apparatus for 

providing local reinforcement of a hollow structural member while reducing the cost and 
design complexity of prior art solutions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[9] Other advantages of the present invention can be understood by reference to the 

following detailed description when considered in connection with the accompanying 
drawings wherein: 

[10] Figure 1 A depicts a bag being inserted into the cavity of a hollow structure; 

[11] Figure IB depicts a bag being injected with structural foam. 

[12] Figure 1C depicts the bag filled with a structural foam; 

[13] Figure ID depicts the bag closed with the end of the bag having an opening 

inserted into the cavity; 
[14] Figure IE depicts the hole of the structure closed with a cap; 

[15] Figure IF depicts the structural foam fully expanded within the cavity; and 

[16] Figure 2 depicts a suspension assembly with a hollow axle having localized 

reinforcement in the area of the suspension attachment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[17] Referring to Figures 1A-1F, a reinforced structural assembly of the present 

invention is shown at 10. The assembly 10 includes a hollow structure 12 defining a 

cavity 14 with a hole 15 in the wall of the structure 12 providing access to the cavity 14. 

A bag 16 is inserted into the cavity 14 through the hole 15 using a tube 17, shown in 

Figure 1A. The bag 16 includes an end 18 having an opening 20 extending through the 

hole 15. For example, the bag 16 may be rolled up and inserted into a cardboard tube 

and then pushed into the cavity 14. The bag may be made of any suitable material, but is 

preferably a high temperature thermoplastic to withstand the exothermic reaction of the 

expanding foam. Such suitable materials may include a mylar, rubber, or polysulphone. 
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Of course, any number of suitable materials may be used. The bag 16 contains the foam 

during expansion so that internal walls or baffles are not required in the hollow structure, 

which are difficult and expensive to design and manufacture. 

A device 22 having a nozzle 24 injects a foam 26 into the bag 16 through the 

opening 20, as is best shown in Figures 1A and IB. The device 22 may be manually or 

automatically operated. The structural foam filler material could be any suitable material 

having a high modulus. The foam 26 may be a composite material such as a glue, a 

filled acetal epoxy, a polyester, or any other suitable material. One such material is 

available by Henkel under the trade name TEROCORE 1015A and B. TEROCORE is a 

two component structural foam comprising a high strength expanding two-part epoxy 

with a 2:1 by volume mixed ratio. The TEROCORE epoxy expands approximately 30% 

and has a high modulus. TEROCORE is an exothermic material that cures an ambient 

temperature as the two components are mixed together and cures or hardens 90% within 

the first 30 minutes from the inside out. TEROCORE is fully cured within 24 hours and 

is a non-isocyanate material that does not require special ventilation during its use. The 

epoxy resin portion of TEROCORE has good stability and determines the curing speed. 

Fillers may be added to the material to improve the mechanical properties, provide 

sagging resistance, hardness, and determine the compression modules. The curing agent 

portion of TEROCORE determines the reactivity, adhesion, compression modulus, and 

shelf life of the material. The expanding agent of TEROCORE dictates the cell structure 

and reduces the overall weight of the structural foam. 

Referring to Figure ID, once the structural foam 26 has been injected into the bag 

16, the bag is closed. For example, the end 18 may be twisted, shown at 28, and inserted 

into the cavity 14. The hole 15 may be closed off by inserting a cap 30, as shown in 
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Figure IE. The cap 30 further contains the structural foam 26 during expansion and 
provides an aesthetically pleasing appearance. The structural foam expands into 
engagement with the interior walls of the cavity 14 while remaining contained in the 
other directions by the bag 16, as best shown in Figure IF. 

[20] The present invention reinforced structural assembly 10 may be used in any thin 

walled hollow structural application in need of localized reinforcement. For example, 
the present invention may be used to locally reinforce hollow portions of the vehicle 
body such as A and B pillars. Specific areas of the body may be stiffened enabling 
thinner walls to be used elsewhere. 

[21] The present invention is also suitable for use in suspension assemblies 32, as 

shown in Figure 2. The suspension assembly 32 includes a hollow axle 33 for 

supporting suspension components such as a leaf spring 38. A portion of the axle 33 

may be locally reinforced as described above relative to Figures 1A-1F to provide 

additional structural stiffness. The hole may be closed by a cap 34 having a locating 

feature 35 such as a protrusion extending therefrom. A bracket 36 supporting the leaf 

spring 38 may have a feature complimentary to that of the locating feature on the cap 38 

to locate the suspension assembly 32 relative to the axle 33 during assembly. The racket 

36 is secured to the axle 33 by a U-bolt assembly 40, as is well known in the art. One of 

ordinary skill in the art will appreciate that components other than the leaf spring 38 

described above may be secured to the hollow axle 33 or any other hollow member. For 

example, an air spring or any other component that typically exerts a large load on the 

axle 33 my be planed in the reinforced area. In the case of an axle, the hollow axle 33 is 

typically subject to buckling under the clamping load or walking of the suspension 

assembly 32 relative to the axle. With the locally reinforced hollow structure of the 
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present invention, increased stiffness is provided thereby avoiding buckling or walking 
of the suspension assembly. 
[22] The invention has been described in an illustrative manner, and it is to be 

understood that the terminology that has been used is intended to be in the nature of 
words of description rather than of limitation. Obviously, many modifications and 
variations of the present invention are possible in light of the above teachings. It is, 
therefore, to be understood that within the scope of the appended claims the invention 
may be practiced otherwise than as specifically described. 
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